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Using data recorded by the CLEO III detector at the Cornell electron storage ring (CESR), we have
made measurements of some properties of the c and 0c charmed baryons. In particular: c  




c   231:5 0:4 0:3 MeV, 0c   16:61:91:7  1:4 MeV,
M0c  M

c   231:4 0:5 0:3 MeV.
DOI: 10.1103/PhysRevD.71.051101 PACS numbers: 14.20.Lq, 13.30.Eg
In 1997 [1], the CLEO Collaboration reported the ob-
servation of two states, decaying into c  and c .
These states were identified as the c and 0c , the cuu
and cdd quark combinations in a JP  32 configuration.
Although the spin and parity of the states have not been
measured, it is generally assumed that this identification is
correct. In 2001 [2] CLEO showed the first evidence of the
third member of the c isotriplet, the c , which because
of the large background and low efficiency associated with
the detection of a 0, had a lower signal to noise ratio1.
Although other experiments [3] have shown evidence for
c baryons, there have been no further published measure-
ments of their properties. Measurement of the masses of
the c and 0c can be used to check models that predict
the isospin mass splitting between these states, and mea-
surements of their widths can be compared with the widths
of the c baryons to check the predictions of heavy quark
symmetry.
Here we present new measurements of the natural
widths of the c and 0c baryons, together with mea-
surements of their masses with respect to the c mass.
These measurements are made using the CLEO III detector
configuration [4]. The CLEO III ring imaging Cherenkov
(RICH) detector enables a much superior separation of
protons, kaon, and pions compared to previous versions
of the CLEO detector. This in turn lowers the background
for c detection and allows us to measure the properties of
particles decaying into c baryons with greater precision
than was previously possible.
The data presented here were taken at the Cornell elec-
tron storage ring (CESR), corresponding to an integrated
luminosity of 14 fb1 in the energy range 9.4 to 11.5 GeV.
This data set was acquired to study the decay products of
the 1S;2S;3S, and 4S resonances as well as
the ee ! q q continuum data in this energy range. The
production mechanism of the charmed baryons is not under
study here, but we note that our kinematic cuts exclude the
1The c is not again addressed in this paper. The signal to
background ratio in the new data set is no better than in the old,
and the smaller dataset precludes a meaningful measurement of
the mass and width.
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decay products of B mesons. Thus, the majority of the
charmed baryons we measure are produced from the
ee ! q q continuum, and some may be the direct decay
products of the  resonances.




=. Charge conjugate modes are implicit through-
out. For this measurement we use the two c decay modes
c ! pK and c ! pK0. The CLEO III detector
configuration detects charged particles using a cylindrical
drift chamber system inside a solenoidal magnet. Particle
identification of p;K, and  candidates is performed using
specific ionization (dE=dx) measurements in the drift
chamber, combined with information, when present, from
the RICH counters. The technique for combining the two
identification systems follows the method that was used to
find the decay 0c ! pKK, and is described else-
where [5]. K0 candidates are identified with reconstructed
2-track vertices displaced by more than 5 mm along the
direction of the resultant momentum. Assuming the two
tracks are pions, those candidates with an invariant mass
within 8 MeVof the nominal K0S mass are mass-constrained
and retained for further analysis.
To illustrate the good statistics and signal to noise ratio
of the c signals, we reduce the combinatorial back-
ground, which is worse for c candidates with low mo-
mentum, by applying a cut on the scaled momentum, xp.





. We fit the invariant mass distributions
for these modes to a sum of a Gaussian signal and a second-
order polynomial background. Figure 1 shows the plot for
the c ! pK signal; the signal yield is approxi-
mately 45 000. The decay mode c ! pK
0, which has
superior signal to noise ratio, augments the number of
candidates by 15%.
Releasing the xpc  cut, c candidates within 2:0 of
the peak mass in each decay mode were combined with
each remaining charged  track in the event. A cut of xp >
0:5 was made on the c  combination, and the mass
difference M  Mc  Mc  was calculated.
The mass difference spectra, shown in Fig. 2, are plotted
in the mass range 178–298 MeV. The lower bound of this
plot is chosen to avoid the contribution of =0c !
c 
= decays. The upper bound is chosen to approxi-
mately center the c peaks.
The fits to the signal spectra in Fig. 2 each have three
components as follows. Firstly, the excesses in the region
below 204 MeV due to c12625 production are accom-
modated by functions found using the c  spectrum from
reconstructed c12625 decays found in this same dataset.
The normalization of this spectrum was then corrected for
the inefficiency in detecting both transition pions by use of
a Monte Carlo program. Secondly, we use a background
shape of a second-order polynomial. Lastly, we use signal
functions of spin-1 Breit-Wigners convolved with a
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FIG. 2. Mc  Mc  mass differences for (upper) 
and (lower)  combinations. The solid lines show the results of
the final fits. The three contributions to each fit are shown
separately as dashed lines (signal), dotted lines (feed-down
from c1 decays), and dot-dash lines (polynomial background
function).
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  1:61 MeV. This resolution was calculated using a
GEANT-based Monte Carlo simulation program [6] for a
peak in the region under scrutiny.
In the case of c  we obtain a signal of 1330 110
events, with a width of   14:41:61:5 MeV, and a mass
difference of M  231:5 0:4 MeV. For the c ,
we obtain a signal of 1350 120 events, with a width of
  16:61:91:7 MeV, and a mass difference of M 
231:4 0:5 MeV.
We have checked that consistent widths and mass dif-
ferences are extracted if the data are restricted to particles
or antiparticles, and if the data are restricted to data taken at
the 1S;2S and 3S (resonances where the signal
to background ratio is not as high), or in the 4S and
nonresonant regions.
The parameters of the extracted signals depend on the
exact method of fitting used. We have tried many variations
of the background functions and fitting range. These in-
clude using a second-order Chebychev polynomial for the
background function, allowing the c12625 contribution
to float, and extending the fitting range to much higher
values of M. The systematic uncertainties in the mea-
surements due to the fitting procedures are taken as being
the maximum range of parameters obtained using different
reasonable fits of these types. This is the dominating
systematic uncertainty for the width measurements. The
results of the Monte Carlo simulation program that predicts
the detector resolution have been checked using a series of
narrow states in our data. Based on the agreement of the
simulation and the results of analyzing these peaks, we
assign a systematic uncertainty of 0:13 MeV to the value
of the detector resolution for the c states. As the resolu-
tion is an order of magnitude less than the intrinsic widths
that we measure, this uncertainty produces a modest un-
certainty ( 
 0:14 MeV) in the measurements of the
widths, which is negligible compared with the uncertainty
due to the fitting technique.
The masses of the signals are insensitive to the fitting
technique, and the different fits produce a maximum range
of 0:2 MeV for the measurements. We allow for a sys-
tematic uncertainty of 0.2 MeV from possible analysis
biasses. An uncertainty in the CLEO magnetic field
strength of 0.1%, which is bounded by measurements of
particles of known mass, corresponds to an uncertainty of
0.13 MeV in the mass difference measurements. These
three sources of uncertainty add in quadrature to give a
total systematic uncertainty in the mass difference mea-
surements of 0.3 MeV. These last two uncertainties do not
contribute to the systematic uncertainty in the isospin mass
splitting between the two states.
Our measurements of the c masses and widths are
consistent with the previously published CLEO numbers
[1]. However, the splitting between the two states
Mc  M
0
c , is now measured to be 0:1 0:8
0:3 MeV, whereas previously it was 1:9 2:0 MeV.
This isospin splitting is expected to be small and negative
[7]. The difference in the widths of the two states is
expected to be negligible. By heavy quark symmetry [8]
the ratio c=c should equal Mc=Mc 
pc3=pc3, where p is the momentum of the 
in the parent’s rest frame. The isospin mass splitting of the
states is very small, and for both the doubly charged and
neutral states this latter quantity equals 7:5 0:1. Using
our new values of the c widths, and world average values
of the widths of the c states [9], we obtain
c =

c   6:5 1:3 and 0c =0c 
7:5 1:7, in excellent agreement with expectation.
In conclusion, we present new measurements of the
properties of the c and 0c baryons. For the doubly
charged state Mc Mc  is measured to be 231:5
0:4 0:3 MeV and   14:41:61:5  1:4 MeV, and for the
neutral state Mc Mc  is measured to be 231:4
0:5 0:3 MeV and   16:61:91:7  1:4 MeV.
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